Piezoelectric biosensors assisted with electroacoustic impedance spectroscopy: a tool for accurate quantitative molecular recognition analysis.
In this work, electroacoustic impedance analysis based on a modified Butterworth-Van Dyke (BVD) model is used to complement resonance frequency measurements of piezoelectric crystal sensors for the identification and removal of interfering signals. This approach enables the accurate use of the Sauerbrey correlation to establish a direct relationship between mass deposited at the sensor surface and measured frequency variations. Kinetic models can thus be evaluated and binding constants estimated directly from the measured data. We further demonstrate the usefulness of this approach by applying it to the study of the formation of 11-hydroxy-1-undecanothiol self-assembled monolayers (SAM) as well as to the binding of streptavidin to immobilized biotin. Kinetic and equilibrium parameters were estimated from transient analysis, adsorption isotherms, Scatchard and Hill plots obtained from the frequency data for both the alkanethiol and streptavidin films. This strategy based on electroacoustic impedance assisted quartz-crystal microbalance (QCM) biosensors is expected to be a major contribution for the use of these piezoelectric devices as a reliable and cheap detection system that can easily be integrated into analytical techniques.